Abstract. In this paper, we construct a high order scheme to efficiently solve the forced vibration equation of viscoelastic material. The proposed method is based on a finite difference scheme in time.
Introduction
The fractional derivative model can be used to describe the model of viscoelastic materials. Appropriate knowledge of viscoelastic properties of viscoelastic materials is of fundamental importance for a correct modelization and analysis of structures. Based on fractional derivative model, M. Sasso, G. Palmieri and D.Amodio compared analyzing the capability to reproduce all the experimental data for given materials [1] . S. Zhu, C. Cai and P. Spanos used a nonlinear and fractional derivative viscoelastic model to capture the complex behavior of rail pads [2] . C. Zopf, S.E. Hoque and M. Kaliske presented a new fractional viscoelastic material model under consideration of finite strain theory [3] . R. Kumar1 and P. Sharma1 dealt with the study of transverse vibrations in piezothermoelastic beam resonators with fractional order derivative [4] . This is probably due to the fact that the theoretical analysis of numerical methods of fractional differential equations has been found to be very difficult. Nevertheless, we are seeing a growing interest for research of numerical methods in this topic. Based on a finite difference scheme in time and Legendre spectral methods in space, Lin and Xu constructed a numerical solution of a time-fractional diffusion equation [5] . Based on block-by block method, Huang, Tang and Vázquez gave a numerical shame to a class of initial value problems of fractional differential equations with Caputo derivatives [6] . Based on the so-called block-by-block approach, Cao and Xu constructed a high order schema for fractional differential equations of the order [7] . Based on a finite difference scheme in time and Legendre spectral methods in space, Cao, Xu and Wang constructed high order scheme to efficiently solve the time-fractional diffusion equation [8] .
The outline of the paper is as follows: In Section 2 we describe the detailed construction of the high order scheme based on finite difference method. Then in Section 3, we derive a convergence analysis. Finally, some numerical experiments are provided in Section 4 to support the theoretical statement.
A High Order Numerical Method
We consider the following forced vibration equation of viscoelastic material
subject to the initial condition
where  is Poisson's ratio constant, and  is the order of the fractional derivative. Here, we consider the case 0 1
Now, we introduce a finite difference approximation to discrete the second derivative and fractional derivative. Let , 0,1, , ,
is the time step. The numerical solution of (1) at the point k t is denoted by
To motivate the construction of the high order scheme, we use the following formulation:
Now, we construct the high order numerical scheme to the equation (1). Lemma 1 [10] . For all 1 
With w C is a constant depending only on w . Lemma 2 [8] . For all 1 k K   , we have
Where , , j j j a b c is follows:
r  is the truncation error. It can be written the following form 
To summarize, that is by combining (4) and (6), we arrive at the following overall high order scheme
The Convergence Analysis
Combining the Lemma 1 and Lemma 2, the convergence analysis is as follows. Theorem 1. Let w be the exact solution of (1), (2) 
if 0 1    , where C only depends on , , , f T   .
Numerical Example
In this section we give some examples to illustrate the usefulness of our main results. Precisely, our main purpose is to check the convergence behavior of the numerical solution with respect to the step size t  . Example 1. We consider the initial value problem (1) with
where  is a constant. Note that the function f does not include . u It can be verified that the exact solution is Also shown are the corresponding rates. From Table 1 , it is observed that for all a smaller 1, the convergence rate is close to 2. This is in a good agreement with the theoretical prediction. Example 2. We consider the initial value problem (1) with
where  is a constant. Note that the function f is linear with respect to . u The corresponding exact solution is 
